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osting by EAbstract The objective of this research project was to determine the elemental composition of steel
products manufactured by the most popular company in the country. The analysis by independent
institution will be instructive for the consumers and helpful for the manufacturer company in order
to upgrade the quality of its ﬁnal steel products. The X-ray ﬂuorescence (XRF) technique was used
in this work to determine the elemental composition of long and ﬂat steel products manufactured by
this local company. The long products analyzed in this research work are some concrete reinforcing
bars and wire rods, while the ﬂat products analyzed including hot and cold rolled coils, and zinc
galvanized coils. The results of these analyses show that most elemental compositions obtained con-
form to the values claimed by the company except that for silicon and manganese which exhibit
slightly higher value for some long products. Nevertheless, the elemental compositions obtained
for ﬂat products conform to the speciﬁcations claimed by the company.
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lsevier1. Introduction
The fast growth in the Gulf region and especially in the King-
dom of Saudi Arabia in the last few decades was accompanied
by large building construction and industrial activities. The
quantities of steel products needed for different construction
and industrial activities are enormous. Most of the steel prod-
ucts used for this purpose are the reinforcing bars, wire rods,
rolled coil and galvanized coil sheet plate. The determination
of chemical compositions of these products is very important
not only for the users but also for the manufacturer as well.
The steel products manufactured by this local company and
purchased for this study are composed of some long products
and some ﬂat products. The selected long products are
concrete reinforcing bars and wire rods which are used
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tures. The selected ﬂat products are rolled coil and galvanized
coil sheet plate which are used for many purposes such as air-
conditioning, panels and appliance industries. The different
samples, manufactured by the company, were randomly col-
lected from the Saudi market.
The elemental composition of the steel products was per-
formed by the X-ray ﬂuorescence technique (XRF). The
XRF technique has many advantages; it is fast, accurate,
non destructive and has a limit of detection in the range
of few part per million (ppm) of most elements (Al-Eshaikh
and Kadachi, 2006; Ida et al., 2005). For these reasons, the
XRF analysis method is widely used in many ﬁelds such as
metallurgy, industry, geology and mineralogy, food industry
and environmental management. The analysis of steel is
useful for various purposes, such as the inspection of raw
materials, intermediate product and end products, process
control in iron, steel manufacturing and quality control
(Hou et al., 2004). However, most of routine steel analysis
involve standard wet chemical method or inductively cou-
pled plasma atomic emission. These methods are destructive
and require dissolution of the alloy and long sample prep-
aration (Nham, 1991). Use of X-ray ﬂuorescence technique
is very attractive in many ﬁelds and especially for metal and
alloy analysis (Goldsttein and Sivilis, 2002; Rutherford,
1993). The sample preparation for XRF is relatively simple
that require less time consumption and effort. For example,
when the solid sample is homogeneous then it needs only
polishing to be ready for analysis (Blank and Eksperiandova,
1997).
Many steel manufacturers in the world including those of
the Gulf region make their steel products according to differ-
ent national or international standards such as ASTM, BS,
and JIS, etc. (ASTM, ISO, BS, JIS). The results obtained in
this work will be compared with the values given in the differ-
ent grade standards or with the claimed values given by the
manufacturing company for the veriﬁcation of conformity.
The chemical compositions of steel products, determined by
independent institution, are very important not only for the
users but also for the manufacturer who can use the result to
improve the quality of its products.2. Materials and methods
2.1. Materials
In this project, some long products such as concrete rein-
forcing bars and wire rods were analyzed using XRF tech-
nique to determine their elemental compositions. Some ﬂat
products such as rolled and galvanized coil were also ana-
lyzed. These products are used in building constructions
and in many industrial ﬁelds to manufacture different goods
and appliances. The samples of each above steel products
were collected from the local Saudi Arabia market. The
sample preparation is an important step that can affect the
precision and the accuracy of the XRF analysis. Therefore,
two conditions at least must be satisﬁed, the ﬁrst one is that
the sample must be representative of the entire material and
the second is that the surface of the sample must be smooth
to reduce the diffraction of the X-ray (Grieken and Mark-
owicz, 2002).2.2. Equipments
The energy dispersive X-ray ﬂuorescence spectrometer
(EDXRF) unit, JSX-3202-M used in this project was manufac-
tured by JEOLCompany in Japan. This unit is able to analyze a
wide range of specimen samples in the form of solid, powder
and liquid. The elements, that can be measured by this instru-
ment unit range from sodium (Na) to uranium (U). The spec-
trometer consists of the main unit and a computer system.
The main unit incorporates an X-ray tube, an Si(Li) detector
with 133 eV resolution at 5.9 keV (MnKa), an analyzing cham-
ber and a specimen chamber. The computer system contains the
software to drive the unit and spectrum analysis software. This
software allows simultaneous multi-element spectral measure-
ment, and qualitative and quantitative elemental analysis using
fundamental parameter (FP) and reference methods. The detec-
tion limit of the system varies from 10 to 100 ppm depending on
the inverse of the atomic weight of the element.
3. Methods
The qualitative analysis is the identiﬁcation of all elements pres-
ent in the X-ray ﬂuorescence spectra, which is based on the
determination of the correct top position of each peak (cen-
troid). The conversion of the peak centroid channels to energies
lines is made using energy calibration curve. Therefore, differ-
ent standard references elements with known energies lines Ka
or Kb were chosen to cover the interesting energy region of 1–
25 keV for this energy calibration. The spectrum obtained of
each standard references were analyzed by spectrum analysis
software to determine the energy–channel relationship using
least square ﬁtting method (Jeol, 2005). The linear energy–
channel relationship calculated is expressed as following:
E ðkeVÞ ¼ Aþ BX ð1Þ
where A= 0.01000; B= 0.00216 (keV/channels); X= num-
ber of channels.
This relationship is used to identify the unknown elements
present in the spectrum with the help of X-ray lines energies
database of all elements.
The quantitative analysis is the conversion of the net peak
intensity present in the X-ray ﬂuorescence spectra to element
concentration. Therefore, the ﬁrst step is to determine the cor-
rect net peak intensity of each X-ray line present in the ana-
lyzed sample. The spectrum analysis software was guided to
deconvoluate the overlapping peaks and calculates the net
peak intensity of each peak by subtracting the background
using a mathematical model. The second step is to calculate
the element concentration using a combination of the funda-
mental parameter (FP) method and the reference method.
The FP is a method of theoretical calculation of the ﬂuores-
cence X-ray intensity on the basis of the instrument’s charac-
teristics parameters and physical fundamental parameters
including the photoelectric absorption coefﬁcient, mass
absorption and ﬂuorescence yield rate. The reference method
allows more accurate analysis providing some reference stan-
dards of known composition. This method has the advantage
to combine the data collected from the measured spectra of
the known references and the powerful FP method calculation
to adjust the instrument parameters (Jeol, 2005; Al-Eshaikh
and Kadachi, 2005).
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All steel products selected in this project were measured by
XRF technique to determine their elemental compositions.
The long products and the ﬂat products were collected ran-
domly from the local Saudi market. Three samples of 4 cm
length were cut in the workshop from each long product types.
Also, three samples from each ﬂat product types were cut in
square foil of about 16 cm2. The second important treatment
is grinding and polishing of the two faces of each sample.
The last step of this sample preparation is the cleaning by ace-
tone of the polished sample faces. Therefore, for each steel
product there were six faces ready to be measured by XRF.
After the equipment setting, the XRF measuring time was
ﬁxed to 2 min that is enough to collect sufﬁcient statistic count-Figure 1 Spectrum of l
Figure 2 Spectrum ofing even for the small peak present in the spectra (Montgom-
ery and Runger, 1999). The spectrum of each sample was
identiﬁed by a code containing the name of the manufacture,
the number of the sample, the diameter and the number of
the face. All spectra were stored in the hard disk of the com-
puter and also in a ﬂash memory for later analysis. As an
example, Figs. 1 and 2 show the spectra obtained for long
and ﬂat products with their respective quantitative analysis.
5. Results and discussion
5.1. Veriﬁcation of conformity
The veriﬁcation of conformity is based on statistical hypothesis
testing which needs in advance to ﬁx the signiﬁcance of level aong product sample.
ﬂat product sample.
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lems, the sample size is usually small and the conﬁdence level
must be at least equal to 95%. When the speciﬁcation value
(l: the test value) must be less or more than a ﬁxed value (l0
as a minimum or a maximum value), the test hypothesis is
called one-sided hypothesis. In this case, the critical region is
located at the left or at the right, with a ﬁxed probability
placed in the tail of the distribution (Montgomery and Runger,
1999). The test of hypothesis is then expressed by the null
hypothesis, H0 and the alternative hypothesis H1 as following:
H0 : l ¼ l0
H1 : l > l0 or H1 : l < l0
ð2Þ
The testing hypothesis methodology is based on the rejec-
tion of the null hypothesis and the acceptance of the alterna-
tive hypothesis, if the following conditions are fulﬁlled:
 For one-sided alternative hypothesis ðH1 : l > l0Þ, mini-
mum ﬁxed value; the null hypothesis H0 is rejected if:
Y0 ¼ X l0
s=
ﬃﬃﬃ
n
p > t½a; n 1 ð3Þ
where X: the mean of the sample (average value); l0: the
mean of the distribution; s: sample standard deviation; n:
sample size; t½a; n 1: is a value extracted from Student
distribution table.Another way to express this is to write
the following formula:
l ¼ X t½a; n 1  s= ﬃﬃﬃnp > l0 ð4Þ
 For one-sided alternative hypothesis ðH1 : l < l0Þ, maxi-
mum ﬁxed value; the null hypothesis H0 is rejected if:
Y0 < t½a; n 1 ð5ÞTable 1 Chemical composition conformity of rebars.
Elements
C Si P S Cr Mn
Claimed max. values 0.24 0.23 0.05 0.05 0.3 0.7
Average – 0.5538 0.0169 0.0426 0.0249 0.8505
SE mean ¼ s= ﬃﬃﬃnp – 0.0444 0.0015 0.0040 0.0013 0.0117
p-Value – 1.000 0.000 0.040 0.000 1.000
Test value l – 0.6310 0.0194 0.0495 0.0272 0.8708
Conformity – X
p p p
X
Table 2 Chemical composition conformity of wire rods.
Elements
C P S Mn
Claimed max. values 0.2 0.03 0.03 0.80
Average – 0.0202 0.0737 0.5657
SE mean ¼ s= ﬃﬃﬃnp – 0.0024 0.0078 0.0024
p-Value 0.004 0.999 0.000
Test value l – 0.0250 0.0894 0.5705
Conformity –
p
X
pAnother way to express this is to write the following
formula:
l ¼ Xþ t½a; n 1  s= ﬃﬃﬃnp < l0 ð6Þ
Note that, the p-value of the hypothesis test can be used
also to reject the null hypothesis. The cutoff in these cases is
0.05, that is, reject the null hypothesis when the p-value is less
than this value.
5.2. Long products
The chemical composition in % and the conformity of long
products manufactured by this local company such as concrete
reinforcing bars and wire rods are presented in the following
tables.
According to statistical hypothesis testing mentioned
above, the conformity is proved, if the test value l is smaller
than the manufacturer maximum claimed values (Hadeed
Products). It can be noted from Tables 1 and 2 that most per-
centage values for the elements present are less than the max-
imum values except that of silicon and manganese for rebars
and sulfur (S) for wire rods. Therefore, the company must
put more effort to control the percentage level of these
elements.
5.3. Flat products
The chemical composition in % and the conformity of ﬂat
products manufactured by this local company such as rolled
coils and galvanized coils are presented in the following tables.
It can be observed in Tables 3–5 that the percentages of all
elements present are less than the maximum value claimed by
the manufacturer except that of sulfur in case of cold rolledTable 4 Chemical composition conformity of cold rolled coils
(ASTM A611).
Elements
C P S Mn
Claimed max. values 0.27 0.035 0.035 0.90
Average – 0.0144 0.0472 0.6399
SE mean ¼ s= ﬃﬃﬃnp – 0.0024 0.0031 0.0045
p-Value 0.000 0.999 0.000
Test value l – 0.0199 0.0527 0.6533
Conformity –
p
X
p
Table 3 Chemical composition conformity of hot rolled coils.
Elements
C P S Mn
Claimed max. values 0.2 0.035 0.035 1.60
Average – 0.0185 0.0292 0.6614
SE mean ¼ s= ﬃﬃﬃnp – 0.0024 0.0014 0.0014
p-Value 0.000 0.004 0.000
Test value l – 0.0228 0.0317 0.6748
Conformity –
p p p
Table 5 Chemical composition conformity of galvanized coils
(ASTM-A653M).
Elements
C P S Mn
Claimed max. values 0.15 0.03 0.035 0.60
Average – 0.0167 0.0256 0.0124
SE mean ¼ s= ﬃﬃﬃnp – 0.0023 0.0035 0.0017
p-Value 0.000 0.011 0.000
Test value l – 0.0209 0.0319 0.0155
Conformity –
p p p
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ucts can be considered to conform to the claimed manufacturer
speciﬁcations (ISO 10544 and other standards, www.iso.org).
6. Conclusions
The steel products manufactured by this local company and
purchased for this study are composed of some long products
and some ﬂat products. The selected long products are con-
crete reinforcing bars and wire rods which are used extensively
in building constructions and in various infrastructures. The
selected ﬂat products are rolled coil and galvanized coil sheet
plate which are used for many purposes such as air-condition-
ing, panels and appliance industries. The different samples
were randomly collected from the Saudi market. The analyses
of these products, in this research project, are instructive not
only for the consumers but also for the manufacturer company
in order to upgrade the quality of its ﬁnal steel products.
The energy dispersive X-ray ﬂuorescence technique was
used in this project to determine the chemical composition of
the above steel products. The veriﬁcation of conformity was
done according to the values recommended in the speciﬁed
standard or according to values claimed by the manufacturer.
The chemical composition conformity of long products
manufactured by this local company such as concrete reinforc-
ing bars and wire rods is proved for most elements except that
of silicon and manganese for rebars and sulfur for wire rods.
However, the company should put more effort in the control
quality for the exceeding percentage elements (Si, S and Mn)
or to rectify the maximum claimed values. The percentages
of all elements present in ﬂat products such as rolled coils
and galvanized coils are less than the maximum value claimed
by the manufacturer except that of sulfur in case of cold rolled
coils, which exhibit little higher value. Therefore, these steel
ﬂat products can be considered to conform to the claimed
manufacturer speciﬁcations.Acknowledgments
The authors would like to acknowledge Saudi Arabian Basic
Industry Company (SABIC) for providing grant to complete
this research project. The Research Center of the College of
Engineering, King Saud University is also acknowledged for
providing technical support, coordination, and following up
the progress of this work.References
Al-Eshaikh, M.A., Kadachi, A., 2005. Primarily elemental composi-
tion of dust in Riyadh City. J. King Saud Univ. 17, 245–250.
Al-Eshaikh, M.A., Kadachi, A., 2006. Toxic heavy metal analysis in
residential paint using X-ray ﬂuorescence (XRF) technique. In:
Proceedings of the 12th International Conference on Machine
Design and Protection, September 5–8, 2006, Kusadast, Turkey
(CD-ROM).
American Society for Testing Materials (International Standards).
ASTMA 615/A 615 and Others Standards. <www.astm.org>.
Blank, A.B., Eksperiandova, L.P., 1997. Specimen Preparation in X-
ray Fluorescence Analysis of Materials and Natural Objects.
Wiley–Interscience (Abstract).
British Standards. BS 4449(97) and Others Standards. <www.Bsi-
global.com>.
Goldsttein, Steven J., Sivilis, L. Dale, 2002. A non-destructive X-ray
ﬂuorescence method for analysis of metal alloy wire samples.
JCPDS, Adv. X-ray Anal. 45, 457–462.
Grieken, Rene E.V., Markowicz, Andrzej A., 2002. Handbook of X-
ray Spectrometry, second ed. Marcel Dekker, New York.
Hou, X., He, Y., Jones, B.T., 2004. Recent advances in portable X-ray
ﬂuorescence spectrometry. Appl. Spectrosc. Rev. 39.
Ida, H., Segawa, T., Tohyama, S., Kawai, J., 2005. Analysis of Painted
Steel by Hand-held X-ray Fluorescence Spectrometer. Kyoto
University, Skyo-Ku, 606-8501 Japan.
International Organization for Standardization. ISO 10544 and Others
Standards. <www.iso.org>.
Jeol, 2005. Instrument Manual, JSX-3202M Element Analyser. Jeol
Ltd., Japan.
Japanese Industrial Standards. JIS G3131 and Others Standards.
<www.jisc.go.jp>.
Montgomery, Douglas C., Runger, George C., 1999. Applied Statistics
and Probability for Engineers, second ed. John Wiley and Sons
Inc.
Nham, Tran T., 1991. Analysis of Metals in High Alloy Steel by ICP-
AES. Varian Australia Pty. Ltd., Mulgrave, Victoria, Australia
(ICP-6).
Rutherford, R.T., 1993. Ferro-alloy analysis by X-ray ﬂuorescence
spectrometry. In: Durham Conference, UK. Wiley–Interscience
(Abstract, 1994).
Speciﬁcation and Quality of Hadeed Products.
<www.hadeed.com.sa>.
